METHODS
A. Experimental Study Twenty-two adult mongrel dogs, weighing 8-15Kg, were subjected to endotracheal intubation under intravenous sodium thiopental anesthesia, and their respiration was kept under control. A catheter for blood pressure measurement and blood sampling was inserted through the left femoral artery into 1) Cardiac function tests The systolic pressure in the aorta was significantly lower after the operation than before the operation in group B. There was no significant difference between the pre-and postoperative values of the cardiac output in any group.
After the operation, LVEDP showed a significant increase from the preoperative level in group A. No significant change in Vmax was observed (Table II) .
2) Blood enzymology The postoperative level of serum GOT was higher than the preoperative level in each group. However, the differences were not statistically significant. Postoperatively, the total serum LDH level rose significantly from the preoperative level, but the level of LDH1 plus LDH2 did not. These results were observed consistently in all groups. Similarly, the postoperative levels of total CPK were significantly higher in all groups, though CPK-MB The postoperative level of serum total LDH was higher than the preoperative level in each group but that of LDH1+2 was not.
In all groups, the postoperative levels of total CPK were significantly higher, though CPK-MB was undetectable in groups A and B as well as the control group. was not detectable throughout the observation period in groups A and B and in the control group. In all group C animals, CPK-MB was detected after the operation and it accounted for approximately 10% of the preoperative level of total CPK (Table III, Fig. 2 ).
3) Histology Light microscopy of histological samples disclosed localized nuclear abnormalities, swelling of the cytoplasm and an abnormal staining pattern. However, congestion, edema and thrombosis were absent. These findings were common to all groups and there were no appreciable differences between histological features in individual groups at the light microscopic level. Histological samples were also examined with electron microscopy. In the control group, mitochondria showed no swelling and their cristae were compact. The mitochondrial matrix displayed medium electron density. In group A, most of mitochondria remained intact, although some showed low electron density in the matrix and fragmentation of the cristae. In group B, neither the mitochondrial matrix nor the cristae were altered. In group C, a great majority of mitochondria were swollen and, accordingly, the matrix had a low density and cristae appeared as laminar accumulations. The mitochondrial score was 98 in the control group, 86 in group A, 93 in group B, and 51 in group C (Figs. 3, 4, 5, 6 ).
B. Clinical Study
The average ECC time was 123min. The average time of aortic clamping was 74min, with a range from 23 to 144min. After aortic clamping was discontinued, electrical defibrillation was successfully performed 1 time in 8 patients. It was repeated twice in 2 patients and 3 times in another 2. The heartbeat reappeared spontaneously in the remaining 13 patients. New Q waves did not appear in ECGs from any patients during and after the operation. The LDH1+2 level was elevated through 48 hours after the operation, but the CPK-MB level was lowered within 6 hours of the operation and returned to preoperative levels by 48 hours after the operation.
LDH1+2 levels tended to increase until 12 hours after operation and they remained rather high until 48 hours after operation. The CPK-MB level was lowered 6 hours after the operation and returned to the preoperative level 48 hours after the operation (Fig. 7) .
Electron micrographs of the left ventricular papillary muscles from patients Nos. 11, 13, 17, 21, 23, and 25 showed no notable differences in the features of the mitochondrial matrix or cristae between tissue samples obtained immediately after the start of aortic clamping and those obtained immediately before cessation of aortic clamping (Fig. 8) . 
